Hepatic uptake of intestinal alkaline phosphatase. A morphological and kinetic study in the rat by Scholtens, Henderikus Bernardus
  
 University of Groningen
Hepatic uptake of intestinal alkaline phosphatase. A morphological and kinetic study in the rat
Scholtens, Henderikus Bernardus
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1980
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Scholtens, H. B. (1980). Hepatic uptake of intestinal alkaline phosphatase. A morphological and kinetic
study in the rat. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
S U M M A R Y
The mucosa of  the smal l  in test ine is  ext rernely r ich in  the enzyme alkal ine phos-
phatase.  A considerable amount  of  th is  in test inal  enzyme enters the general
c i rcu lat ion v ia the thoracic  duct .  However,  in  man none or  only  a smal l  anrount
of  in test inal  a lka l ine phosphatase is  present  in  the serum. suggest ing that  th is
enzyme is elf iciently eliminated from the circulation. A rapid removal of injected
intestinal alkaline phosphatase from the circulation has been demonstrated in
dog, cat and rat. However. it is not yet clear in which way this enzyme is cleared
lrom the blood. It has been reported that irn increase of intestinal alkaline phos-
phatase can be found in the serum ol  pat ients wi th a l iver  d isorder  l ike c i r rhosis .
In a prev ious study a s imi lar  increase in serum intest inal  a lka l ine phosphatase
was observed in rats with experimental l iver regeneration after partial hepatec-
tomy. Therefore. the l iver may play a role in the clearance of circulating intestinal
alkaline phosphatase lrom the circulation.
The a im of  th is  thesis  was to gain more ins ight  in to the k inet ics and mechanism
ol removal of this isoenzyme from the circulation. For that purpose we in-
vestigated plasna disappearance and hepatic uptake of intestinal alkaline phos-
phatase in an animal  model .
Chapter  I  presentsageneral rev iewofoccurrenceandpropert iesof theisoenzymes
of  a lka l ine phosphatase.  Par t icu lar ly  the in test inal  isoenzyme is  d iscussed in th is
respect .  In  addi t ion,  the mechanisms involved in hepat ic  uptake of  prote ins are
reviewed in this chapter. with special reference to the glycoproteins.
In chapter 2 experiments are described on the histochemical demonstration ol
a lka l ine phosphatase act iv i ty  in  the l iver  of  var ious exper imenta l  animals.  Because
of  the low endogenous act iv i ty  of  a lka l ine phosphatase in the l iver  of  the rat .
this animal was selected as the most suitable for histochemical and cytochemical
studies of  hepat ic  uptake of  in jected in test inal  a lka l ine phosphatase.  In  p i lo t -
experiments a number of commercial preparations of intestinal alkaline phos-
phatase derived from various animal species, were injected into rats and the locali-
zation of the injected enzyme in the l iver was studied histochemically. A few
minutes after injection. dog intestinal alkaline phosphatase was exclusively
demonstrated along the walls of the sinusoids and not in the Kupffer cells, sug-
gesting selective uptake of this enzyme by the hepatocy'tes. This enzyme was
chosen as the most suitable for further experimentation.
Chapter 3 describes the 'plasma' disappearance of injected purif ied dog intestinal
alkaline phosphatase in the intact rat and in the isolated perfused rat l iver.
In addition. the effect of various sugars. sugar polymers and glycoproteins on
plasma disappearance of the enzyme was studied. The plasma disappearance curve
of the enzyme showed apart from an init ial rapid phase a secondary phase, which
may result from 'exocytosis' of interiorized dog intestinal alkaline phosphatase
into the circulation or from exhaustion of receptors involved in uptake of the
enzyme during the process of endocytosis. A small fraction of the injected enzyme
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relationship between the bil iary excretion pattern and the 'plasma' disappearance
of  the enzyme.
Intravenous administration of galactose. lactose. galactan and especially asialo-
lètuin prior to injection of dog intestinal alkaline phosphatase. resulted in inhibi-
t ion of plasma disappearance of the enzyne. It is concluded that the rapid removal
of injected dog intestinal alkaline phosphatase is predominantly. or even ex-
clusively. achieved by the l iver and that the hepatic uptake of the enzynre is most
likely mediated by the '-ealactose-specific lectin' present on the plasnra membrane
of the hepatocytes.
In chapter  4 the local izat ion of  in jected pur i f ied dog intest inal  a lka l ine phos-
phatase in the l iver  was studied morphological ly .  both at  the l ight  microscopic
and ultrastructural level. by means of histochemical and cytochemical methods.
The localization of the injected enzyme was investigated in l iver sections of rats at
various times after administration. Also the interference of various sugars.
sugar polymers and glycoproteins with the receptor-bound injected enzyme was
studied in  rat  l iver  sect ions.  In  addi t ion.  the subcel lu lar  local izat ion of  in jected
dog intestinal alkaline phosphatase was investigated in pellets of homogenized
livers of rats kil led at v'arious tirrres after injection of the enzynre. The results in
this chapter are fully compatible with those described in chapter 3. They demon-
strate that injected dog intestinal alkaline phosphatase being an asialoglyco-
protein is captured by the 'galactose-specific lectin' present on the plasma mem-
brane ofthe hepatocytes and that the enzyme is subsequently taken up by a process
of  'adsorpt ive endocytos is '  and f ina l ly  reaches the lysosomes.  I t  is  most  l ike ly
that  th is  hepat ic  handl ing of  the enzyme predominant ly  occurs in  the area around
the central vein (zone 3 of Rappaport). This is the first evidence for zonal hetero-
genei ty  in  hepat ic  d isposi t ion of  an as ia loglycoprote in.
The resul ts  in  chapter  5 descr ibe the ' in  v i t ro '  b inding of  dog intest inal  a lka l ine
phosphatase to rat l iver sections and confirm the picture emerging frorrr the
preceding chapters. In these in vitro studies the enzyme was shown to bind to rat
l iver sections and the specificity of this binding was demonstrated by the effect
exhibited by various sugars. sugar polymers and glycoproteins on binding. AIso
from these in vitro experiments it is concluded that dog intestinal alkaline phos-
phatase binds to the 'galactose-specific lectin' present in the l iver and that the
binding predominant ly  occurs in  the area around the centra l  ve in (zone 3 of
Rappaport).
In  chapter  6 exper iments wi th rat  in test inal  a lka l ine phosphatase are descr ibed.
The hepatic uptake of the enzyme in rat was studied by means of histochemical
and biochemical methods. In addition. the in vitro binding of the enzyme to rat
l iver sections was investigated. Also the plasma disappearance and bil iary excre-
tion of injected rat intestinal alkaline phosphatase were studied in the intact rat
as well as in the isolated perfused rat l iver. Furthermore. the effect of asialofetuin
on the plasma disappearance of the enzyme was investigated. Hepatic binding or
uptake of rat intestinal alkaline phosphatase could not be demonstrated neither
h is tochemical ly  nor  b iochemical ly .  AIso.  no in  v i t ro b inding of  the enzyme to l iver
sections could be detected. Injected rat intestinal alkaline phosphatase was shown
to be removed from the circulation, but less rapidly than dog intestinal alkaline
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phosphatase. Similar to dog intestinal alkaline phosphatase the plasma disappear-
ance of the enzyme was inhibited after administration of asialofetuin and a small
fraction of injected rat intestinal alkaline phosphatase was excreted into the bile.
It is concluded therefore, that injected rat intestinal alkaline phosphatase like dog
intestinal alkaline phosphatase is probably taken up by the hepatocytes and that
this process is mediated by the 'galactose-specihc lectin' present on the plasma
membrane of these cells.
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